Abstract
1
. These viruses cause human illnesses with a range of severity, classically referred to as hemorrhagic fever with renal syndrome, nephropathia epidemica, and hantavirus cardiopulmonary syndrome (HCPS) 2 
.
More recently, it has been suggested that these diseases could simply be referred to as hantavirus disease due to the increasing number of reports showing the overlap of symptoms during the acute course of these syndromes 3 .
In terms of virion structure, the N protein induces a strong humoral immune response and, therefore, seems to be a suitable antigen to target for serodiagnosis 2 . Enzyme-linked immunosorbent assay (ELISA) -both indirect immunoglobulin (IgG) and immunoglobulin (IgM) capture ELISA -is the most common serologic diagnostic method. Hantavirus antibodies are detectable early on during the onset of symptoms 2 and those secreted from immunologic memory plasma cells, including those antibodies with neutralizing activity, remain detectable many years after infection has occurred 4 .
Hantavirus cardiopulmonary syndrome has been reported in Brazil since 1993, particularly in regions in the Southern, Southeastern, and central plateau regions that have degraded ecosystems where native vegetation was originally covered by Atlantic forest and Cerrado (a type of Brazilian savanna). However, HCPS may be misdiagnosed in northeastern Brazil considering the local presence of the rodent hosts for both Juquitiba virus and Araraquara virus (Oligoryzomys nigripes and Necromys lasiurus, respectively) 5 . The combination of landscape changes resulting from sugar cane farming and the dry climate seems to favor the transmission of hantavirus and the emergence of HCPS, at least in Southeastern Brazil (especially in Ribeirão Preto in São Paulo State) 6 . Although similar environmental conditions exist in Alagoas State (i.e. the agricultural landscape, dry climate, and the presence of at least two species of Brazilian rodent hantavirus reservoirs), this area is considered silent for hantavirus infection according to the Brazilian Ministry of Health's offi cial records. Thus, to investigate the circulation of hantavirus outside of areas in Northeastern Brazil where HCPS occurrence is well known, we conducted prospective surveillance for human hantavirus infection over a two-year period in both febrile patients and healthy individuals residing in Alagoas State, using ELISA testing to detect the N protein of hantavirus.
The IgG: immunoglobulin; Nd: not determined. *For the two patients from whom sequential serum samples were collected (with a 14-day interval between sampling), the IgG titers of fi rst and second sample, respectively, are shown.
admitted to hospitals or attended to at outpatient services in Maceió City and in Coruripe town. The criteria of the Brazilian Health Surveillance Department/Ministry of Health were used to defi ne a suspected case of HCPS 7 . Groups II and III comprised patients admitted to hospitals or attended to at public sector outpatient services in Alagoas state who presented with illnesses that included HCPS in the differential diagnosis. Group II comprised 124 patients with acute Leptospira spp. infection, confi rmed by ELISA (Pan Bio®, Australia) IgM testing. Group III comprised 170 patients who were clinically suspected of having dengue infection; however, laboratory confi rmation of dengue infection -by ELISA (Bio Rad®, France) detection of NS1 or IgM -was achieved in only 17 of these patients. Group IV comprised 250 healthy rural workers from Coruripe town who were part of a pilot serologic survey.
Informed consent was obtained from each study participant. Next, peripheral blood samples were drawn from each participant and stored at -20°C until analysis. The serum samples from groups I, II, and III were tested for anti-hantavirus IgM and IgG, whereas the samples from Group IV were tested for antihantavirus IgG only. Tests were performed by indirect ELISA using the N recombinant (rN) protein of Araraquara hantavirus (ARAV), produced in Escherichia coli, as the antigen. This technique has been described elsewhere 8 . Seropositive samples were titrated from dilutions of 1:100 to 1:6,400. All samples considered positive were tested four times to confi rm the results. Serum samples obtained from patients from the Ribeirão Preto region who presented with acute HCPS -confi rmed by reverse transcription polymerase chain reaction and ELISA testing 9 were preserved at -80 ºC and were used as positive controls for IgM tests. Serum samples collected after the convalescent phase of these patients were stored at -80ºC and were used as positive controls for the IgG tests. Samples considered positive for ARAV rN IgG were further tested to determine IgG avidity. This was performed by adapting the protocol previously described by Kallio-Kokko et al. 10 and reproducing the ELISA test. For the avidity assay, after a period of incubation with ARAV rN, each serum sample was tested in quadruplicate as follows: The fi rst duplicate was washed three times with 6M urea solution that was diluted in phosphate-buffered saline with 1% Tween 20 (PBST), while its duplicate counterpart was washed only with PBST. The IgG avidity result was calculated by comparing the absorbencies in the urea-washed wells with those in the PBST-washed wells and expressing the ratio as a percentage (IgG avidity index). Participants in Group I ranged from >1 to 78 years of age (mean, 34.8 years; median 32.0 years); 56 (54.9%) were male and 46 (45.1%) were female. All patients in this group presented with acute symptoms and signs that met the defi nition for a suspected case of HCPS 7 such as fever, myalgia, and dyspnea with or without thrombocytopenia and/or hemoconcentration; some presented with other symptoms such as chest pain, headache, arthralgia, and hemorrhagic signs. Anti-hantavirus IgM was not detected in any of these patients' serum samples; however, one sample was reactive for anti-ARAV rN IgG with a titer 400 ( Table 1 ) and an avidity index of 82.5% ( Table 2) .
The 124 (100 male and 24 female) patients in group II had a mean age of 30.9 years (median, 27 years); all had acute leptospirosis. Anti-hantavirus IgM was not detected in any of the 124 serum samples. However, anti-hantavirus IgG was detected in three (2.4%) serum samples taken from male patients ( Table 1) , with titers ranging from 400 (one sample) to 800 (two samples) and high IgG avidity indexes (>70%) ( Table 2) . Of note, it was possible to obtain sequential samples from two individuals, one in Group I and one in Group II; IgG prevalence was confi rmed in the paired samples ( Table 1) .
Group III comprised 170 individuals with clinically suspected dengue infection; 71 (41.8%) were male and 99 (58.2%) were female. The mean age of Group III was 26.3 years (median, 25 years). The serologic test results of most (n=153) of the serum samples in this group were negative for dengue non-structural 1 antigen (NS1) and IgM on ELISA testing (Bio Rad®, France). All 170 samples from this group were negative for anti-hantavirus IgM and IgG.
To confi rm the serologic fi ndings obtained in groups I and II, we investigated the presence of IgG antibodies in healthy individuals from the local population who formed part of a pilot study for another serologic survey. Group IV comprised 250 healthy rural men working at a sugar mill in Coruripe town, located on the South coast of Alagoas State. Their mean age was 31.9 years. Of the 250 serum samples analyzed, fi ve (2%) were reactive for anti-hantavirus IgG, with titers ranging from 400 to 1,600 ( Table 1) and IgG avidity indexes up to 90% ( Table 2 ). The mean age of seropositive participants was 33.8 years, and three (60%) had never worked outside of Alagoas State ( Table 1) . One of these patients -patient 479C -had the highest IgG titer (of 1,600) and avidity index (92.2%); he reported previously having experienced a severe disease that presented with fever, myalgia, and dyspnea, a triad of symptoms compatible with a diagnosis of HCPS.
Overall, the prevalence of IgG was 1.4% (9/646). Figure 1 shows the cities where the participants who tested anti-hantavirus IgG positive, resided. The results obtained from Groups I, II, and IV demonstrate evidence of past infection with hantavirus in Alagoas State. In addition, four of the seropositive patients attested to having never worked outside of this state, suggesting that these infections occurred within the state's geographic boundaries. The IgG prevalence in this study was lower than that of other regions in Brazil where HCPS is highly endemic, such as 13.6% in the State of Mato Grosso 11 . However, an IgG prevalence of 2% was reported in Uberlandia City in Minas Gerais State 12 , which is another hantavirus-endemic region; this is similar to the prevalence found in the present study. The IgG prevalence found in the present study is in keeping with prevalence rates in other regions where HCPS has not been described, such as in the southern parts of Santa Catarina State (2.3%) 13 , in Ceará State (2.8%) 14 , an in Ilhéus City in Bahia State (0.6%) 15 .
Since the fi rst three cases of hantavirus infection were recognized in Brazil, cases of HCPS have rarely been reported along the coast of the Northeastern region. As most Northeastern states have never reported a case of HCPS, whether or not hantavirus is present and whether hantavirus infection is being misdiagnosed in this huge area remains unknown. This formed the basis for conducting this surveillance study in Alagoas state.
Study participants resided in several municipalities in different regions of Alagoas State as the main hospital where the surveillance was performed is a regional referral center for infectious diseases. Notably, the mean age of participants in all four study groups (30.9 years) was similar to the mean age of patients who have had HCPS in Brazil (33 years for men and 31 years for women 16 ). Therefore, our surveillance focused on the population with the highest chance of hantavirus infection.
However, the serum samples of all 396 febrile patients tested negative for anti-hantavirus IgM, and no cases of HCPS were detected during two years of surveillance. The lack of IgM positivity in the serosurvey was not associated with low ELISA sensitivity as the assay demonstrated high sensitivity (97.2%), specificity (100%), positive predictive value (100%), and negative predictive value (98.1%) for IgM detection against hantaviruses 8 .
All positive samples were retested and titrated at least four times to confi rm the results. In addition, the IgG avidity index was up to 80% in all positive samples, confi rming the presence of long-term immunity to hantavirus in these subjects and reinforcing the specifi city of the ELISA test. In keeping with this, Hedman et al. 17 found high avidity IgG in 99% of subjects who had had symptoms of nephropathia epidemica caused by Puumala virus infection more than two years prior to blood sampling and testing 17 .
Although all 102 patients in Group 1 met the Brazilian Ministry of Health's offi cial criteria 7 for a clinically suspected case of HCPS, this diagnosis was not considered by the treating clinicians, either at admission or during hospitalization. This could be because, to date, Alagoas and its vicinities are not offi cially considered at risk of hantavirus infection. On the other hand, offi cial data from the municipal government show that, over the past decade in the City of Maceió, the Alagoas State capital, there have been 2,510 deaths from pneumonia without a defi ned etiological agent (MC Lima: Personal Communication, 2012). We speculate that some of these deaths may have been due to hantavirus infection.
In conclusion, this is the fi rst study to demonstrate serologic evidence of past hantavirus infection in residents of Alagoas State. Our fi ndings provide new data regarding hantaviruses in the Northeastern region of Brazil because Alagoas State -as well as the neighboring states on the Northeastern coast (such as the Sergipe and Paraíba States) -is currently considered a silent area for hantavirus infection. Our results, together with those of other studies 14, 15 , strongly suggest that at least one species or genotype of hantavirus is circulating in areas previously considered to be hantavirus free. Finally, our fi ndings suggest that routine testing for hantavirus infection should be included in public health systems in the Northeastern states of Brazil as HCPS is probably misdiagnosed in this region.
Ethical considerations
This study was approved by the Research Ethics Committee of the Universidade Federal de Alagoas (process number 23065.009350/2010-62).
